Prioritization of safety countermeasures for the state of Louisiana using fuzzy inference systems by Akbarzadeh, Meisam
Louisiana State University
LSU Digital Commons
LSU Master's Theses Graduate School
2009
Prioritization of safety countermeasures for the
state of Louisiana using fuzzy inference systems
Meisam Akbarzadeh
Louisiana State University and Agricultural and Mechanical College, makbar1@tigers.lsu.edu
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_theses
Part of the Civil and Environmental Engineering Commons
This Thesis is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in LSU
Master's Theses by an authorized graduate school editor of LSU Digital Commons. For more information, please contact gradetd@lsu.edu.
Recommended Citation
Akbarzadeh, Meisam, "Prioritization of safety countermeasures for the state of Louisiana using fuzzy inference systems" (2009). LSU
Master's Theses. 565.
https://digitalcommons.lsu.edu/gradschool_theses/565
i 
 
 
 
PRIORITIZATION OF SAFETY COUNTERMEASURES FOR THE STATE 
OF LOUISIANA USING FUZZY INFERENCE SYSTEMS 
 
 
 
 
 
A Thesis 
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Master of Science in Civil Engineering 
in 
The Department of Civil and Environmental Engineering 
 
 
 
 
 
 
 
 
 
by 
Meisam Akbarzadeh 
B.S., Isfahan University of Technology, Iran, 2002 
M.S., Isfahan University of Technology, Iran, 2007 
August, 2009 
 
 
 
ii 
Table of Contents 
Abstract………………………………………………………………………………………………………………. iv 
  
Chapter 1 Introduction……………………………………………………………………………………..…… 1 
   1.1. Background……………………………………………………………………………………………..…… 1 
   1.2. Problem Statement………………………………………………………………………………….…… 1 
   1.3. Objectives……………………………………………………………………………………………….…… 2 
   1.4. Outline of Thesis……………………………………………………….……………………………..…… 2 
  
Chapter 2 Literature Review…………………………………………………………………….…………… 3 
   2.1. Introduction…………………………………………………………………………………….…...……… 3 
   2.2. Some Well-known MCDM Methods………………………………………………………………… 4 
      2.2.1. The Analytic Hierarchy Process (AHP) ……………………………………………………… 4 
         2.2.1.1. Eigenvector Method (EV) …………………………………………………………………… 5 
         2.2.1.2. Weighted Least-Squares Method (WLS) …………………………………….………… 6 
     2.2.2. The ELECTRE Methods……………………………………………………………………………… 7 
     2.2.3. The TOPSIS Method………………………………………………………………………..………… 10 
     2.2.4. Fuzzy Inference Systems (FIS) …………………………………………………..……………… 11 
     2.2.5. Economic Analysis Method…………………………………………………….…….…….……… 13 
     2.2.6. Professional Judgment Method………………………………………………………..………… 14 
  
Chapter 3 Methodology and Data Preparation………………..………………….….…….………… 15 
   3.1. Introduction…………………………………………….…………..…………………….………..……… 15 
   3.2. Decision Parameters…………………………………………………………………………….….…… 15 
      3.2.1. Estimation of Need………………………………………………………….…………….…....…… 16 
      3.2.2. Estimation of Performance……………………………………………………………..……...… 19 
      3.2.3. Estimation of Cost…………………………………………………………….…………….………… 19 
   3.3. Fuzzy Inference System………………………………………………………………………...……… 19 
      3.3.1 Fuzzy Inputs and Outputs…………………………………………...…………………..………… 20 
      3.3.2 Rule Base……………………………………………………………...……………………….………… 24 
  
Chapter 4 Analysis and Results……………………………………………………………………..……..… 28 
   4.1. Results from Different Scenarios………………………………………………………...….……… 28 
   4.2. Discussion on the Distinction of Scenarios According to Results……….……..….…… 31 
   4.3. Clustering the Outputs…………………………………………………………………….….………… 33 
   4.4. Comparison with the Economic Analysis Method……………………………..…...………… 39 
  
Chapter 5 Conclusions and Suggestions……………………………………………………….….……… 41 
   5.1. Conclusions………………………………………………………………………………………..………… 41 
   5.2. Findings…………………………………………………………………………………………….………… 41 
  
References…………………………………………………………………………………………………………… 43 
 
Appendix A: Rule Bases for All Managerial Preferences…………………………………………… 46 
 
Appendix B: Priority vs. Need and Performance Sketched under Different Scenarios... 52 
 
iii 
Appendix C: Prioritized Countermeasures under different Scenarios…………...…...……… 56 
 
Appendix D: Clustering Results for Different Scenarios………………………….……..….……… 67 
 
Appendix E: Prioritized Countermeasures Subject to Different Scenarios…………….…… 73 
 
Appendix F: Costs and Crash Reduction Factors of Countermeasures…………....………… 84 
 
Appendix G: Comparison of Results derived from FIS and Cost Benefit Ratio Method.. 88 
 
Vita………………………………………………………………..……………………………………………………… 92 
  
iv 
Abstract 
In this study a fuzzy inference system is proposed for prioritization of countermeasures 
aimed at improving safety in the state of Louisiana. Countermeasures are prioritized based 
on their collective performance on cost, expected crash reduction and the severity of the 
problem they address.  These three decision parameters can have six permutations in 
terms of their relative importance in decision making.  In order to make the prioritization 
procedure handier for decision makers, the inference system is capable of being run under 
all six possible cases.  Current safety standards influence the importance attached to crash 
reduction performance and severity of the problem area addressed.  Similarly, the available 
budget will influence the importance of cost in the process.  The analyst thus selects one of 
the six permutations of decision criteria that best reflects their hierarchical order of 
importance in the situation being analyzed.  In developing the procedure, input on problem 
severity was gathered from previous research on safety conditions in Louisiana, and 
research conducted as part of the development of the Traffic Safety Manual was used to 
estimate cost and the crash reduction potential of individual countermeasures.  
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Chapter 1 Introduction 
1.1. Background 
Scarcity of resources makes people try – or at least desire - to allocate them in the most 
efficient way.  This paradigm accounts for the origin of science branches like economics 
and decision sciences.  In the transportation safety management context, countermeasures 
are applied to improve safety by reducing fatalities, injuries, and property damage.  Many 
countermeasures are proposed in the literature to address safety issues but the problem is 
which one to select given local conditions.  By having a procedure that is capable of 
evaluating countermeasures on multiple criteria, policy makers are able to identify the 
most appropriate and effective actions that can be accomplished within the available 
budget.  The method developed in this research is aimed at functioning at the strategic level 
i.e. used to determine overall policy for the state of Louisiana.  It is not intended to be used 
for location-specific analyses, but may be applied for such purposes. An example of such a 
potential application could be prioritizing countermeasures addressing problems in special 
traffic segments like interstate highways. 
1.2. Problem Statement 
Highway safety is an enormous problem in Louisiana.  Approximately 160,000 crashes 
occur in the state each year, over 90,000 of which are on the state-maintained highway 
system.  On average, more than 900 people are killed and about 80,000 injured in 
automobile crashes in Louisiana each year.  In the last decade, Louisiana’s fatality rate has 
consistently been among the eight highest in the nation, and in 2001 it tied with Montana 
and South Carolina for the highest state rate.  In that year, Louisiana’s fatality rate was 2.3 
per 100 million miles traveled, while the national average was 1.5.  
Louisiana’s high crash rate has significant economic and social costs.  Property damage, lost 
productivity, medical expenses, and inflated motor vehicle insurance rates imposed an 
estimated $5.3 billion burden on the state in 2002 (LHSC, 2004a). 
In the Statewide Traffic Safety Study, Phase II, conducted by the Louisiana Transportation 
Research Center (Wilmot et. al, 2008), a list of road safety problem areas in Louisiana were 
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developed based on the “overrepresentation factor” concept.  According to this analysis, 
the major problem areas in Louisiana were identified as: 
• Alcohol- Related Crashes 
• Young Driver Crashes 
• Low Seat Belt Usage 
• High Speed Related Crashes 
• Disregarding Stop and Red Signals 
In the same project, a list of countermeasures was collected to address these issues.  As it is 
not possible to implement all the countermeasures, a prioritized list of countermeasures 
would be useful for policy makers.  This is the need that this research addresses. 
1.3. Objectives 
The objective of this research is to develop a procedure to prioritize the countermeasures 
proposed in previous research to improve traffic safety in Louisiana based on the “merit” of 
the countermeasures and “managerial preferences”.  The merit of each countermeasure is 
described in terms of the severity of the crash problem the countermeasure addresses 
(need), the performance of the countermeasure in addressing the problem, and the cost of 
implementation of the countermeasure. 
1.4. Outline of Thesis 
The first chapter introduces the general safety situation in the state of Louisiana and briefly 
introduces the potential gain of applying the method described in this research. 
Chapter two describes the prioritization methods reviewed in the literature. 
Chapter three describes the methodology and the process of transforming the raw data into 
system inputs.  It also describes the design of the fuzzy inference system. 
Chapter four presents the results and analysis performed on them to make them even more 
functional. 
Chapter five gives the conclusions from this research and suggestions for further studies in 
this field. 
3 
Chapter 2 Literature Review 
2.1. Introduction  
A typical MCDM (Multiple Criteria Decision Making) problem is concerned with the task of 
ranking a finite number of decision alternatives, each of which is explicitly described in 
terms of different characteristics (also often called attributes or decision criteria ) which 
have to be taken into account collectively.  Usually, the performance values aij and the 
criteria weights wj are viewed as the entries of a decision matrix as shown below.  The aij 
element of the decision matrix represents the performance value of the i-th alternative in 
terms of the j-th criterion. The wj value represents the weight of the j-th criterion. 
[Triantaphyllou, et al., 1994]. 
 
 
          C1       C2       …      Cn 
             (w1       w2       …       wn) 
A1        a11      a12       …       a1n 
A2        a21      a22       …       a2n 
.           .           .         …         . 
Am      am1      am2       …       amn 
 
Following the early development of MCDM theories in the 1950s and 1960s, a great 
number of MCDM methods have subsequently been proposed and new contributions are 
continuously being produced.  There are many ways to classify the existing MCDM 
methods.  One is to classify MCDM methods according to the type of data they use.  Thus, 
there are deterministic, stochastic, or fuzzy MCDM methods depending on whether the 
input data is fixed, probabilistic or uncertain [Triantaphyllou, 2000].  Another way of 
Criteria 
Alternatives 
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classifying MCDM methods is according to the number of the decision makers involved in 
the decision process. Hence, there are single decision maker MCDM methods and group 
decision-maker MCDM methods [Wang, 2007].   
2.2. Some Well-known MCDM Methods 
Among the numerous MCDM methods, there are several prominent families that have 
enjoyed a wide acceptance in academic and real-world applications.  Each of these methods 
has its own characteristics, background logic and application areas.  Some of the more 
popular methods are described below. 
2.2.1. The Analytic Hierarchy Process (AHP) 
The Analytic Hierarchy Process (AHP) method was developed by Professor Thomas Saaty 
[Saaty, 1980, Saaty, 1994, Saaty and Vargas, 2000].  This decision-making method can set 
priorities and choose the best alternatives by reducing complex decision problems to a 
system of hierarchies.  Since its inception, it has evolved into several different variants and 
has been widely used to solve a broad range of multi-criteria decision problems [Vaidya 
and Kumar, 2006]. 
The AHP method uses pairwise comparisons and an eigenvector calculation process to 
determine the aij values as well as the criteria weights wj.  Details of the pairwise 
comparison and eigenvector methods can be found in Saaty (1980), Saaty (1994) and Saaty 
and Vargas (2000).  
In Saaty’s method, aij represents the relative value of alternative Ai when it is considered in 
terms of criterion Cj.  In the original AHP method, the aij values of the decision matrix were 
normalized vertically.  That is, the elements of each column in the decision matrix were 
made to add up to 1.  In this way, values with different units of measurement could be 
transformed into dimensionless units.  If all the criteria are benefit criteria (that is, the 
higher the score the better the performance), then according to the original AHP method, 
the best alternative is the one that satisKies the following expression [Wang, 2007]: 
                           ∗ = max
 
 = max
  
   ,    for i = 1, 2, …, m                                     (2-1) 
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In order to implement the AHP, weights of the criteria () must be known.  In the real 
world the vector w is usually not known and must be estimated.  To accomplish this, 
various methods have been proposed depending on the situation and nature of the 
problem.  Based on the method adopted to derive the weights, these methods are 
categorized into matrix algebra related methods and optimization methods.  A typical 
method from each group is presented in sections 2.2.1.1 and 2.2.1.2 below.  
The methods described in sections 2.2.1.1 and 2.2.1.2 both assume that the decision maker 
has an idea of the importance of each alternative over others (i.e. wi/wj  ∀ i, j).  This idea is 
illustrated in a matrix called the “comparison matrix” and denoted as B.  Each element bij of 
this matrix is the subjective importance of criterion i over j.  These indices are stated in 
terms of numbers and fractions within an assumed interval.  For example numbers 
1,3,5,7,9 could be assigned for expressing “equal importance”, ”slightly higher importance”, 
“higher importance”, “strongly higher importance” and “absolutely higher importance” of 
criterion i over j, respectively.  For example, bij = 3 states that alternative i has slightly 
higher importance than alternative j.  Intermediate values could be expressed using an 
even number between two adjacent judgments.  
In order to be called consistent, the B matrix must satisfy the “cardinal” consistency 
property which is shown below: 
                                                                     bij bjk = bik                                                                                                                      (2-2) 
Usually the condition of consistency is not completely satisfied by a decision maker and 
Saaty (1977) mentions that it need not be. The goal of the methods in sections 2.2.1.1 and 
2.2.1.2 are to establish a consistent comparison matrix with maximum similarity to the 
matrix by the decision maker.  Output from these methods is a vector w called the 
“importance vector” which depicts, by the magnitudes of its elements, the importance of 
the individual criterion.  Larger values depict larger importance. 
2.2.1.1. Eigenvector Method (EV) 
Saaty (1977) proposed the principal eigenvector of B as the desired importance vector w.  
To find this vector, the linear system shown in (2-3) should be solved. 
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                                                                                   Bw = λw                                                                   (2-3) 
eTw = 1 
In equation (2-3), λ is the principal eigenvalue of matrix B and eT is a n×1 vector with all 
elements equal to 1.  The largest eigenvalue of the comparison matrix (λmax) will be equal to 
n if and only if the decision maker is consistent; otherwise λmax will be greater than n.  A 
good estimate of the principal eigenvector for an inconsistent matrix is obtained by 
consecutively multiplying the matrix by itself, normalizing the row sums each time, and 
stopping the procedure when the difference between normalized sums in two consecutive 
calculations is smaller than a prescribed value.  Also a consistency index (C.I.) could be 
established as shown below and used to check the consistency of the output matrix at each 
iteration: 
. . =   −  − 1  
(2-4) 
Amounts close to zero imply good consistency and C.I. values less than 0.1 suggest 
acceptable consistency [Saaty, 1977]. 
2.2.1.2. Weighted Least-Squares Method (WLS) 
Beside the logic discussed in the eigenvector method, there are methods that are based on 
the optimization concept.  The general idea among these methods is to minimize an error 
function subject to a set of constraints enforced on the priority vector.  A popular member 
of this family is the WLS method (Chu et al., 1979).  The principle of this method is to 
minimize the difference between elements of the comparison matrix and judged ratios.   For 
this purpose a positive distance function d2 is defined between the elements of the 
unknown priority vector w and known judgment ratios. By minimizing the following  term, 
desired values are attained. 
min ! !"
 − #
$%





 
(2-5) 
Minimization should be undertaken Subject to the condition in (2-6). 
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! 




= 1 (2-6) 
In order to solve this optimization problem, the Lagrangian of the constraint equation is 
established and then the problem is transformed into a system of linear equations by 
differentiating the Lagrangian and equalizing it to zero. 
& =  ! !"
 − #
$%





+ 2 ! 




= 1 (2-7) 
)&
) = !*#
 − 
+



#
 − !"# − $


+  = 0 (2-8) 
Equations 2-7 to 2-8 form a set of n+1 non-homogeneous linear equations with n+1 
unknown parameters.  Given the coefficients bij, the equations can be solved for wi’s and . 
It is shown by Blankmeyer (1987) that in this way the WLS provides a unique and strictly 
positive solution (wi > 0,  ∀ n). 
2.2.2. The ELECTRE Methods  
Another prominent MCDM method is the ELECTRE approach and its derivatives.  This 
approach was first introduced by Benayoun, et al. (1966).  The main idea is the use of what 
is called “outranking relations” to rank a set of alternatives.  The ELECTRE approach uses 
data from the decision problem itself along with some additional threshold values to 
measure the degree to which each alternative outranks all others.  Soon after the 
introduction of the first version known as ELECTRE I [Roy, 1968], this approach evolved 
into a number of other variants.  Different ELECTRE methods may differ in how they define 
the outranking relations between the alternatives and how they apply these relations to get 
the final ranking of the alternatives.  Each family of ELECTRE methods addresses a 
particular type of MCDM problem.  ELECTRE I and IV address choice problems while 
ELECTRE II and III are suitable for solving ranking problems.  As the problem at hand is of a 
ranking type, ELECTRE II is discussed in this review to represent its family.  
Preferences in ELECTRE are modeled by using binary outranking relations, S, which means 
8 
“at least as good as”.  Considering two alternatives Ai and Aj, four situations may occur: 
• Ai S Aj and not Aj S Ai, i.e. Ai P Aj (Ai is strictly preferred to Aj). 
• Ai S Aj and Aj S Ai, i.e. Ai I Aj (Ai is indifferent to Aj). 
• Not Ai S Aj and not Aj S Ai, i.e. Ai R Aj (Ai is incomparable to Aj). 
An outranking relation is not necessarily transitive.  
ELECTRE methods comprise two main procedures: construction of one or several 
outranking relation(s) followed by an exploitation procedure.  The construction of one or 
several outranking relation(s) is aimed at comparing each pair of alternatives in a 
comprehensive way.  The exploitation procedure is used to elaborate recommendations 
from the results obtained in the first phase.  The nature of the recommendation depends on 
the problem (choosing, ranking or sorting).  Hence, each method is characterized by its 
construction and its exploitation procedures. 
ELECTRE methods are based on the evaluation of two indices, the concordance index and 
the discordance index, defined for each pair of alternatives.  The concordance index for a 
pair of alternatives Ai and Aj measures the strength of the hypothesis that alternative Ai is at 
least as good as alternative Aj.  The discordance index measures the strength of evidence 
against this hypothesis [Belton and Stewart, 2001].  
In ELECTRE II, the concordance index C(-
 , -) for each pair of alternatives (-
 , -) is 
defined as follows: 
    "-
 , -$ =   .//∈1*2/,23+ ./4/56                                                      (2-9) 
(2-9)Where Q (Ai, Aj) is the set of criteria for which Ai is equal or preferred to (i.e. at least as 
good as) Aj, and wi is the weight of the i-th criterion.  The discordance index D (-
 , -) for 
each pair of alternatives (-
 , -) is defined as follows: 
 
7"-
, -$ =
max
 [
9 − 9]
max
 |
9 − 9|
 
                                        (2-10) 
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After computing the concordance and discordance indices for each pair of alternatives, two 
types of outranking relations are built by comparing these indices with two pairs of 
threshold values: (C*, D*) and (C -,D -).  The pair (C*, D*) is defined as the concordance and 
discordance thresholds for the strong outranking relation and the pair (C -, D -) is defined as 
the thresholds for the weak outranking relation where C*> C - and D*< D -.  Next the 
outranking relations are built according to the following two rules: 
1. If C (-
 , -) ≥ C*, D (-
 , -) ≤ D* and C (-
 , -) ≥ C (- , -
), then alternative -
  is 
regarded as strongly outranking alternative b.  
2. If C (-
 , -) ≥ C -, D (-
 , -) ≤ D - and C (-
 , -) ≥ C (- , -
), then alternative -
  is 
regarded as weakly outranking alternative b. 
The values of (C*, D*) and (C -, D -) are decided by the decision maker.  They may be varied 
to yield more or less severe outranking relations.  The higher the value of C*and the lower 
the value of D*, the more severe the outranking relation becomes and the more difficult it is 
for one alternative to outrank another [Belton and Stewart, 2001]. 
On the basis of the outranking relations, the descending and ascending distillation 
processes are applied to obtain two complete pre-orders of the alternatives.  The details of 
the distillation processes can be found in Belton and Stewart (2001) and Rogers, et al., 
(1999).  The descending pre-order is built up by starting with the set of “best” alternatives 
(those which outrank other alternatives) and going downward to the worst one.  
Conversely, the ascending pre-order is built up by starting with the set of “worst” 
alternatives (those which are outranked by other alternatives) and going upward to the 
best one. 
The last step is to combine the two complete pre-orders to get either a partial or a 
complete final pre-order.  Whether the final product is a partial pre-order (not containing a 
relative ranking of all of the alternatives) rather than a complete pre-order depends on the 
level of consistency between the rankings from the two distillation procedures [Rogers, et 
al., 1999].  The partial pre-order allows two alternatives to remain incomparable without 
affecting the validity of the overall ranking, which differentiates from the complete pre-
order.   
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A commonly used method for determining the final pre-order is to take the intersection of 
the descending and ascending pre-orders.  The intersection of the two pre-orders is defined 
such that alternative Ai outranks alternative Aj if and only if Ai outranks or is in the same 
class as Aj according to the two pre-orders.  If alternative Ai is preferred to alternative Aj in 
one pre-order but Aj is preferred to Ai in the other one, then the two alternatives are 
incomparable in the final pre-order [Rogers, et al., 1999]. 
2.2.3. The TOPSIS Method 
TOPSIS (the Technique for Order Preference by Similarity to Ideal Solution) was originally 
proposed by Hwang and Yoon (1981).  In this method, alternatives to be evaluated based 
on n attributes are assumed as points in an n-dimensional space.  Then, for each attribute, 
the best amount – i.e. highest amount for benefits and lowest for costs - among existing 
alternatives is appointed to an imaginary point called the “ideal solution”. By doing the 
same for the worst existing attributes, a “negative-ideal solution” is developed.  The logic of 
the TOPSIS method is to put alternatives in order based on their distance from the ideal 
and negative-ideal solutions.  The alternative with the minimum distance from the ideal 
solution and maximum distance from the negative-ideal solution is selected as the most 
appropriate alternative and all other alternatives are ranked according to their 
corresponding distances. Steps for performing this method are as follows [Chamodrakas, et 
al., 2008]: 
Step 1: Construct the normalized decision matrix.  
Step 2: Construct the weighted normalized decision matrix by multiplying each element a’ij 
with its associated weight wj: 
                                                                         >
 = 
′
                                                                      (2-11) 
Step 3: Determine the ideal and the negative ideal solutions.  The ideal solution A+ and the 
negative ideal solution A- are defined as: 
                                                                     -@ = A>@, >%@, … , >@C                                                       (2-12) 
-D = A>D, >%D, … , >DC 
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Where 
>@ = Emax 
  >
 ,  F ∈ G ∶  min  
 >
 ,  F ∈  G′IJ (2-13) 
>D = Emax 
  >
 ,  F ∈ G′I ∶  min  
 >
 ,  F ∈  G J  
 and J is the set of ‘‘benefit” attributes and J” is the set of ‘‘cost” attributes. 
Step 4: Measure the separation of alternatives from the ‘‘ideal” solutions.  The separation of 
each alternative from the ideal and the negative ideal solution is given by: 
                                                                   K
@ = L">
 − >@$%                                                         (2-14) 
K
D = L!">
 − >D$% 
Step 5: Calculate the ‘‘relative closeness” of each alternative to the ideal solutions from 
equation below: 

@ = K

D
K
D + K
@ 
(2-15) 
 The above relation demonstrates that the ‘‘relative closeness” coefficient, models the 
closeness of an alternative to the ideal solution in relation to the closeness of the negative 
ideal solution.  Therefore, it is evident that the notion of ‘‘relative closeness” corresponds to 
the principle of compromise that the best alternative should simultaneously have the 
shortest distance from the ideal solution and the farthest distance from the negative ideal 
solution only in a relative sense. 
Step 6: Alternatives are sorted based on their “relative closeness” to the ideal solution.  The 
first alternative in this list is the best and the last is the worst. 
2.2.4. Fuzzy Inference Systems (FIS) 
Fuzzy Inference Systems (FIS) are popular computing frameworks based on the concepts of 
fuzzy set theory. Their main advantage is the closeness to human perception and reasoning 
12 
 as well as their intuitive handling and simplicity [Nauck and Kruse, 1999].   
 
In Kig. 2-1 the general schema of a FIS is portrayed.  In particular, three main modules are of 
particular interest: a fuzzifier, a rule base and a defuzzifier.  While the fuzzifier and the 
defuzzifier have the role of converting external information into fuzzy quantities and vice 
versa, the core of a FIS is its rule base, which is expressed in terms of fuzzy rules and allows 
for approximate reasoning [Czogala and Leski, 2000]. 
 
 
 
 
 
 
 
Figure 2-1: Schema of a fuzzy inference system 
Fuzzy inference is the process of formulating the mapping from a given input to an output 
using fuzzy logic.  The mapping provides a basis from which decisions can be made.  
According to the MATLAB user guide for fuzzy toolbox, the process of fuzzy inference 
involves conducting the following steps:  
Step1: Fuzzify the inputs: The first step is to take the inputs and determine the degree to 
which they belong to each appropriate fuzzy set via membership functions. 
Step2: Apply fuzzy operators: After the inputs are fuzzified, the degree to which each part 
of the antecedent is satisfied for each rule is determined.  If the antecedent of a given rule 
has more than one part, the fuzzy operator is applied to obtain one number that represents 
the result of the antecedent for that rule.  This number is then applied to the output 
Fuzzifier 
Rule Base 
Defuzzifier 
Input 
Output 
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function.  The input to the fuzzy operator is two or more membership values from fuzzified 
input variables.  The output is a single value. 
Step3: Apply the implication method: Before applying the implication method, rule weights 
must be determined.  Every rule has a weight (a number between 0 and 1), which is applied 
to the number given by the antecedent.  Generally, this weight is 1 and thus has no effect on 
the implication process.  From time to time, however, one may want to weight one rule 
relative to the others by changing its weight value to something other than 1.  After proper 
weighting has been assigned to each rule, the implication method is implemented.  A 
consequent is a fuzzy set represented by a membership function, which weights 
appropriately the linguistic characteristics that are attributed to it.  The consequent is 
reshaped using a function associated with the antecedent (a single number).  The input for 
the implication process is a single number given by the antecedent, and the output is a 
fuzzy set. Implication is implemented for each rule. 
Step 4: Aggregate all outputs: Because decisions are based on the testing of all of the rules 
in a FIS, the rules must be combined in some manner in order to make a decision.  
Aggregation is the process by which the fuzzy sets that represent the outputs of each rule 
are combined into a single fuzzy set.  Aggregation only occurs once for each output 
variable, just prior to the fifth and final step, defuzzification.  The input of the aggregation 
process is the list of truncated output functions returned by the implication process for 
each rule.  The output of the aggregation process is one fuzzy set for each output variable. 
Step 5: Defuzzify: The input for the defuzzification process is a fuzzy set (the aggregate 
output fuzzy set) and the output is a single number.  As much as fuzziness helps the rule 
evaluation during the intermediate steps, the final desired output for each variable is 
generally a single number.  However, the aggregate of a fuzzy set encompasses a range of 
output values, and so must be defuzzified in order to resolve a single output value from the 
set. 
2.2.5. Economic Analysis Method 
This method measures benefits and costs of each countermeasure in monetary terms and 
uses the comparison between the costs and benefits as a rating of the situation. 
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Conceptually, its major shortcoming is that it is insensitive to issues that cannot be 
expressed in monetary terms. 
Economic analysis produces indicators of project performance of basically two types.  First, 
there are ratio measures such as the benefit – cost ratio (B/C) or the Rate of Return (ROR).  
Second, there are absolute measures such as the Net Present Value (NPV) (Wilmot, 1985). 
This method is probably the most common method used by practitioners to prioritize the 
safety countermeasures. 
2.2.6. Professional Judgment Method 
This method relies entirely on subjective assessment in establishing priorities (Wilmot, 
1985).   
The advantage of this method is that the wealth of professional judgment that exists can be 
tapped and there is no restriction on the items that can enter the decision making process.  
It is conceivable that professional judgment procedures can be superior to other 
procedures in that they effectively and efficiently combine all relevant factors to produce a 
priority assessment. 
The disadvantage of this method is that they are very dependent on the quality of 
professional judgment available, on the current perceptions and knowledge of the decision 
makers and on their being few enough countermeasures that they can be rated subjectively 
without the decision makers feeling overcome with information (Wilmot, 1985). 
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Chapter 3 Methodology and Data Preparation 
3.1. Introduction 
In this chapter the method adopted for prioritization and also the data preparation 
procedure are discussed.  This consists of determining the inputs, outputs and rule bases of 
the system and also the fuzzy membership functions referred to throughout the process. 
Fuzzy inference has been employed in this research to accommodate the ambiguities that 
exist in prioritizing countermeasures. The first ambiguity is in assuming the 
generalizability of the effectiveness, or performance, of crash reduction factors calculated 
in other states.  The second is in estimating the cost of countermeasures accurately.  It is 
more convenient, and probably more appropriate, to express the criteria in linguistic terms 
rather than in terms of numbers.   
Although more complicated in the design process, fuzzy inference systems have two main 
advantages over all other methods including the traditional cost-benefit method.  First, 
fuzzy inference systems are capable of accommodating managerial preferences in their 
application and the second is that descriptive values can be used both in their inputs and 
rule base. 
3.2. Decision Parameters 
Three attributes of each countermeasure, namely their performance, need and cost, were 
chosen to determine priorities.  These three attributes were found to fully demonstrate 
each countermeasure’s merit hence providing a basis for effective prioritization.  As 
discussed further in sections 3.2.1 through 3.2.3, performance and cost, respectively, 
exemplify the benefit and cost of each countermeasure while need describes the 
importance of the countermeasure within the given context.  
The managerial preferences are the partiality, or relative importance, given by the 
manager, or analyst, to need, performance and cost, respectively.  For example, in the case 
of a severe budget deficiency, the cost of implementing a countermeasure could be 
expected to be given greater importance, while the converse may be true under good 
budget conditions.  Similarly, in cases that safety situation is bad, need might have the 
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highest importance and in generally good conditions, performance of a countermeasure 
might be of the most interest.  Since conditions in which prioritization is conducted can 
change over time and from situation to situation, it is better to have a procedure that can 
accommodate any ordering of the need, performance, and cost criteria. Since the three 
criteria have six distinct permutations, a procedure has been developed that 
accommodates the six different permutations of importance among the criteria. The 
manager, or analyst, is then able to select the permutation most applicable to his/her 
situation.  
3.2.1. Estimation of Need 
Need, which represents the magnitude of the problem being addressed by the 
countermeasure, was defined as the costs imposed by different severities of each problem 
area.  In order to calculate the “need” for improvement in each problematic area, the 
difference between the ratio of each severity class out of total crashes in Louisiana and its 
peer states was calculated.  This number as shown in formula (3-1) was multiplied by the 
average cost of each severity class and the number of crashes happening in that class 
throughout the state of Louisiana. 
 
Need for improvement in area m 
 
= !*M
 −
M%

% + × M
 × O

P


 
 
 
(3-1) 
In this formula, index i indicates the severity class and is equal to one for fatality, two for 
injury and three for “property damage only” crashes.    M
 is the number of crashes of 
severity i due to problem m in the state of Louisiana.   is the total number of  crashes 
due to problem m in the state of Louisiana.  M%
 is the number of crashes of severity i due 
to problem m in the peer states and % is the total number of crashes due to the problem 
m in the peer states.  ci indicates the average cost estimated for a typical crash in class i.  
This cost, c, is estimated from [Blincoe et al. (2000)]: 
• Medical Costs 
The cost of all medical treatment associated with motor vehicle injuries including that 
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given during ambulance transport. Medical costs include emergency room and inpatient 
costs, follow-up visits, physical therapy, rehabilitation, prescriptions, prosthetic 
devices, and home modifications. 
• Emergency Services 
Police and fire department response costs 
• Vocational Rehabilitation 
The cost of job or career retraining required as a result of disability caused by motor 
vehicle injuries 
• Market Productivity 
The present discounted value (using a 4 percent discount rate) of the lost wages and 
benefits over the victim’s remaining life span. 
• Household Productivity 
The present value of lost productive household activity, valued at the market price for 
hiring a person to accomplish the same tasks. 
• Insurance Administration 
The administrative costs associated with processing insurance claims resulting from 
motor vehicle crashes and defense attorney costs. 
• Workplace Costs 
The costs of workplace disruption that is due to the loss or absence of an employee. 
This includes the cost of retraining new employees, overtime required to accomplish 
work of the injured employee, and the administrative costs of processing personnel 
changes. 
• Legal Costs 
The legal fees and court costs associated with civil litigation resulting from crashes. 
• Travel Delay 
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The value of travel time delay for persons who are not involved in traffic crashes, but 
who are delayed in the resulting traffic congestion from these crashes. 
• Property Damage 
The value of vehicles, cargo, roadways and other items damaged in traffic crashes. 
• Psychosocial Impacts  
Psychological or emotional trauma resulting from a motor vehicle crash that inhibits, 
limits, or otherwise negatively influences a person’s life. 
In cost terms, based on the information from Blincoe et al. (2000), one injury crash is 
equivalent to approximately twenty PDO crashes and one fatality crash is equivalent to 
approximately four hundred PDO crashes. This report examines many ways in which 
society, individual crash victims and their families, friends and employers are affected by 
motor vehicle crashes. For example, the cost of medical care borne by the individual in the 
form of payments for insurance, deductibles, uncovered costs, and uninsured expenses,  
borne by society through higher insurance premiums and through the diversion of medical 
resources away from other medical needs, such as medical research, disease prevention 
and control, and basic public health needs have been calculated.  Also significant costs 
associated with the lost productivity experienced by an individual and others when the 
victim dies prematurely or experiences a short or long-term disability have been taken into 
account.  
The aforementioned index for “need” was calculated and scaled to numbers between zero 
and one for all five problematic areas.  Since the relative priorities of countermeasures are 
being established, the actual average cost of a crash is not needed.  The only information 
necessary is the relative average cost of crashes of different severities.  In this case, the 
term ci demonstrates the relative cost of crashes with fatal and injury severities over a 
typical PDO crash, hence the value of ci is 400 for a fatal crash, 20 for an injury crash, and 1 
for a PDO crash .  The relative need calculated for the main problem areas in Louisiana 
(Wilmot, 2009) using this approach, are shown in table (3-1). 
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Table (3-1) Calculated need for problematic areas. 
Problematic Area Scaled Need 
Alcohol Related Crashes 0.978 
Young Drivers Crashes 0.431 
Low Seat Belt Usage 0.948 
High Speed Related Crashes 0.013 
Disregarding Stop and Red Signals 0.408 
 
3.2.2. Estimation of Performance 
The performance of a countermeasure is considered to be directly related to its crash 
reduction factor (CRF) or, synonymously, accident modification factor (AMF).  CRFs (or 
AMFs) are defined as the ratio of the number of crashes per unit time expected after a 
countermeasure has been implemented over the number of crashes per unit time 
estimated if such a change had not been implemented.  These factors were imported from 
the NCHRP 500 report and researches conducted in other states (Agent, 1996). 
3.2.3. Estimation of Cost 
Cost is the total resources including money, time and labor needed to implement a 
countermeasure. In several cases, the implementation time will depend on such factors as 
the agency’s procedures, the length of roadway involved, the need for additional ROW, the 
degree to which multiple-agency cooperation is needed, and whether or not legislation is 
required[NCHRP 500].  The estimation of cost was entirely imported from different 
volumes of NCHRP report 500.  Appendix G lists the cost and crash reduction factors 
estimated for each countermeasure. 
3.3. Fuzzy Inference System 
Preparing the fuzzy inference system includes fuzzification of the inputs, development of 
the rule base, and defuzzification of the output. 
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3.3.1 Fuzzy Inputs and Outputs 
The inputs to the inference system are the three decision criteria, namely measures of 
need, performance, and cost of each countermeasure analyzed.  The output is the derived 
priority of the countermeasure. 
Fuzzification of the crisp values of cost, need and performance, involved establishing the 
number of classes each specific input would be classified into based on the dispersion 
pattern of the data.  In order to have the maximum compliance with the nature of the data, 
three classes were defined for each input.  These classes were defined as “Low”, “Medium” 
and “High”.  To get greater distinction among the predictions, output values were increased 
to five classes: “Low”, “Relatively Low”, “Medium”, “Relatively High” and “High”. 
Due to data collection errors and also the fact that all data was transferred from other 
states to Louisiana, smooth membership functions were preferred over sharp functions.  
This implies that the grade of a countermeasure is not meant to change dramatically for 
small changes in each element of its specification vector. 
Dispersion pattern of inputs are shown in Kigure (3-2) and (3-4).  According to the 
distribution of data, membership functions were defined using a general functional form 
that can take shapes within the range of a step function to a bell shape.  This function is 
called a “sigmoid” by MATLAB so we use the same name although it is different from the 
well known sigmoid function.  In order to make an exact bell shape function, the Gaussian 
function was used for some membership functions.  The results are shown in Kigures (3-3), 
(3-5), (3-6) and tables (3-2), (3-3) and (3-4). 
According to Kigure (3-2), 0, 0.2 and 0.7 were selected as the centers of membership 
functions for performance.    Due to high density of CRF’s lying in the [0, 0.5] interval, the 
Gaussian function was selected for the membership function of low and medium.  The 
sigmoid function was found to best reflect the difference between amounts of CRF beyond 
0.5.  This function is flat enough not to exaggerate the small relative differences for CRF’s 
beyond 0.5. 
The functional form of the sigmoid function has been demonstrated in equation 3-2 and its 
graph in Kigure 3-1.  One of the features of, this function is that it has an indifference 
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interval in which the y-values of the function change little with changes in x. The length of 
the indifference area is determined by the parameter “b”.  Parameter “a” determines the 
spread of the function and parameter “c” determines the point at which the function 
reaches its maximum. 
Q*M+ =  1
1 + RM − O R
%S 
 
 
(3-2) 
 
Figure 3-1 Graph of Sigmoid function 
 
The center of the “Low” membership function was placed on origin.  This has two 
advantages.  First it allows use of the same function for cases that some countermeasures 
have crash reduction factors close to zero.  Second, it will have enough sensitivity with 
regard to small differences of small amounts of crash reduction factors. 
The point about Kigure 3-4 is that because the need is calculated for each problematic area, 
there are only six values present in this graph.  Every countermeasure addressing any 
particular problematic area will be assigned the need value of the area. 
1 
0.5 
c b a 
f(x) 
x 
22 
 
Figure 3-2 Dispersion pattern of the performance variable 
 
Figure 3-3 Membership functions for performance 
 
Table 3-2 SpeciKications of membership functions for performance 
Input Level Function Functional Form Parameters 
Low Gaussian TD*DU+
V
%WV  c = 0, σ = 0.065 
Medium Gaussian TD*DU+
V
%WV  c = 0.2, σ = 0.08 
High Sigmoid 
1
1 + RM − O R
%S  a = 0.7, b = 5, c = 1 
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Figure 3-4 Dispersion pattern of need 
 
Figure 3-5 Membership functions for need 
 
Table 3-3 SpeciKications of membership functions for need 
Input Level Function Functional Form Parameters 
Low Sigmoid 
1
1 + RM − O R
%S a = 0.25, b = 1, c = 0 
Medium Sigmoid 
1
1 + RM − O R
%S a = 0.25, b = 1.16, c = 0.5 
High Sigmoid 
1
1 + RM − O R
%S a = 0.25, b = 0.96, c = 1 
 
0.00 0.20 0.40 0.60 0.80 1.00 1.20
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Figure 3-6 Membership functions for cost 
Table 3-4 SpeciKications of membership functions for cost 
Input Level Function Functional Form Parameters 
Low Sigmoid 
1
1 + RM − O R
%S a = 0.2, b = 3, c = 0 
Medium Sigmoid 
1
1 + RM − O R
%S a = 0.2, b = 3, c = 0.5 
High Sigmoid 
1
1 + RM − O R
%S a = 0.2, b = 3, c = 1 
 
Unlike inputs, outputs are preferred to be as distinct as possible.  In order to fulfill this 
criterion, sharp membership functions were used to make the classification strict.  In sharp 
functions like triangular, no indifference area is defined and even values close to the x axis 
will correspond to different amounts of f(x).  Triangular functions are widely used in fuzzy 
context and were used in this research. 
3.3.2 Rule Base 
Rule bases were set up subject to different managerial scenarios.  Three decision criteria 
can possibly have six different permutations that show the orders they can have according 
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to their relative importance in the decision process.  It is vital that each set of rules be 
consistent within itself.  Consistency could be checked using decision surfaces which are 
one of the outputs of MATLAB software.  In order to have a consistent rule base, decision 
surfaces which are derived from drawing the priority versus each pair of inputs should be 
monotonically decreasing for need and performance and monotonically increasing for cost. 
 
Figure 3-7 Membership functions for output 
Table 3-4 SpeciKications of membership functions for cost 
Input Level Function Functional Form Parameters 
Low Triangular max *min XM − # −  ,
O − M
O − #Y , 0+ a = -0.2, b = 0, c = 0.2 
Relatively Low Triangular max *min XM − # −  ,
O − M
O − #Y , 0+ a = 0.05, b =0.25, c = 0.45 
Medium Triangular max *min XM − # −  ,
O − M
O − #Y , 0+ a = 0.3, b = 0.5, c = 0.7 
Relatively High Triangular max *min XM − # −  ,
O − M
O − #Y , 0+ a = 0.55, b = 0.75, c = 0.95 
High Triangular max *min XM − # −  ,
O − M
O − #Y , 0+ a = 0.8, b = 1, c = 1.2 
.   
In each managerial scenario, the criterion which takes first place primarily determines the 
priority of the countermeasure.  The second and the third ranked criteria, decide the 
priority when two countermeasures are roughly the same in terms of the first criterion.  In 
this case, the second ranked criterion has more weight than the criterion in third place.   
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A typical rule base for the scenario when cost is ranked highest, need second, and 
performance third, is shown in table 3-5.  The rules for the remaining five scenarios are 
shown in tables A-1 through A-5 in Appendix A. Decision surfaces in which output has been 
sketched versus performance and need, are shown in Kigure 3-8 for the Cost–Need-
Performance scenario and tables B-1 through B-5 in Appendix B for the rest.  As could be 
seen in figures, priority versus need or performance is an increasing curve and priority 
versus cost should be a decreasing curve.   
Through the process of developing the rule base, at first iteration, according to the scenario 
under which rule base is defined, rules are intuitively all written in a way that seems to be 
consistent.  Then surfaces are drawn and checked for inconsistencies.  Second iteration 
begins with correcting rules that are causing inconsistencies and again surfaces are 
checked for inconsistencies. 
 
  
Figure (3-8) Priority vs. Need and Performance in Cost – Need – Performance scenario 
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Table 3-5 Rule base for Cost – Need - Performance scenario 
No. Performance Need Cost Priority 
1 Low Low Low Relatively Low 
2 Medium Low Low Medium 
3 High Low Low Medium 
4 Low Medium Low Medium 
5 Medium Medium Low Relatively High 
6 High Medium Low Relatively High 
7 Low High Low Medium 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Low 
12 High Low Medium Relatively Low 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Relatively High 
16 Low High Medium Medium 
17 Medium High Medium Medium 
18 High High Medium Relatively High 
19 Low Low High Low 
20 Medium Low High Low 
21 High Low High Relatively Low 
22 Low Medium High Relatively Low 
23 Medium Medium High Relatively Low 
24 High Medium High Medium 
25 Low High High Relatively Low 
26 Medium High High Relatively Low 
27 High High High Relatively High 
28 
Chapter 4 Analysis and Results 
In this chapter prioritized lists of countermeasures subject to different managerial 
preferences are presented and differences between prioritized lists are discussed.  
Different scenarios arise from different situations in the area decision making is taking 
place.  As an example in the situation of budget deficits, cost of countermeasures would 
probably have a more significant role than in normal economic conditions.  In contrast, if 
the area (e.g. the state) is experiencing severe overrepresentation in some accident causes 
(i.e. high amounts of need), decision makers might want to treat those problematic areas 
not worrying much about the cost.  By recognizing the preference expressed in the 
different scenarios, decision makers are able to select the fuzzy inference system most 
applicable to their situation. 
Also in this chapter results of clustering outputs are presented.  Clustering the outputs 
based on their priority makes it more convenient for decision makers to adopt a group of 
countermeasures according to their managerial preference. 
4.1. Results from Different Scenarios 
Results subject to different managerial preferences have been presented in table 4-1 for the 
Cost – Need - Performance scenario and tables C-1 through C-5 in Appendix C for the rest. 
As can be seen in table 4-1, ten countermeasures with highest priority, are all low in terms 
of cost.  All of them address the areas with high need such as seatbelt usage, young drivers 
and alcohol related crashes.  On the other hand they are not all highly effective 
countermeasures in terms of crash reduction factors. This ranking resembles the scenario 
under which the FIS has been set. 
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Table 4-1 Prioritized countermeasures under Cost – Need – Performance scenario 
Priority Countermeasure 
1 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
2 Limiting license violators from using vehicles 
3 Integrated enforcement 
4 Alcohol interlocks 
5 Enforce zero tolerance laws for drivers under age 21 
6 Night time driving restrictions for drivers aged… 
7 Remove or relocate unnecessary signs 
8 Remove unwarranted signal 
9 Model prediction of crash severity reduction 
10 Install back plates indicating a high risk driver 
11 Restrict or eliminate parking on intersection approaches 
12 Clear sight triangles 
13 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
14 Supervised driving for beginners at age 16 for six months 
15 Use Protected Left Turns + Left turn phase 
16 Seize vehicles or license plates administratively upon arrest 
17 Restrict young drivers from carrying teenage passengers 
18 Installing queue detection system 
19 Installing rumble strips on approaches 
20 Install Ignition Interlock Device (IID) 
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Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
22 Use Protected Left Turns w/o Left turn phase 
23 Optimize clearance intervals 
24 Employ emergency vehicle preemption 
25 Provide targeted conventional enforcement of traffic laws 
26 Implement automated enforcement of red-light running (cameras) 
27 State Primary Enforcement Belt Use Laws 
28 Implement automated enforcement of approach speeds (cameras) 
29 Install traffic signal 
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                                      Table 4–1 Continued 
30 Responsible beverage service 
31 Install larger (12-in.) signal lenses 
32 Use Split Phases 
33 Short–Term, High–Visibility Belt Law Enforcement 
34 Improve Left-Turn Lane Geometry 
35 Administrative license revocation or suspension (ALR\ALS) 
36 Overlaying existing pavement 
37 Delineate Turn Path 
38 Install Left-Turn Lane 
39 Convert to Roundabout 
40 Improve Intersection Skew Angle 
41 Convert a Four-Leg Intersection to Two T Intersections 
42 Lengthen Left-Turn Lane 
43 Grooving existing pavement 
44 Communications and Outreach Supporting Enforcement 
45 Combined Enforcement; Nighttime Enforcement 
46 Provide Right-Turn Lanes 
47 Lengthen the yellow change interval to ITE guidelines 
48 Identify license regulation violators 
49 Convert Two-Way Streets to a One-Way Pair 
50 Provide Positive Offset for Left-Turn Lanes 
51 Sobriety checkpoints 
52 Provide mid-block pedestrian refuge 
53 Mass media campaigns 
54 Convert to 4-way stop from 2-way stop 
55 Install new guardrail 
56 Employ signal coordination 
57 Install automated enforcement of red light violations 
58 Improve super elevation on curves 
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From now on, for more convenience, occasionally abbreviations as following table will be 
used for scenarios: 
Table 4-2 Abbreviations used for the scenario names 
Scenario Abbreviation 
Cost – Need - Performance CNP 
Cost – Performance – Need CPN 
Need – Performance – Cost NPC 
Need – Cost – Performance NCP 
Performance – Need – Cost PNC 
Performance – Cost - Need PCN 
  
4.2. Discussion on the Distinction of Scenarios According to Results 
In order to evaluate the idea of distinguishing between managerial preferences and also the 
ability of fuzzy inference systems designed in this research, prioritized lists under different 
scenarios should be compared to each other.  Spearman rank correlation coefficient (rs) 
was employed to measure the association between different scenarios in terms of results.  
This index is calculated from formula below: 
Z[ = 1 − 6  ]

%
^
_P − _  
 
(4-1) 
In this formula, di is an indication of disparity between two sets of rankings and is the 
difference between the ranks of each object in two lists.  N is the total number of objects in 
each list.  Values of rs close to 0 indicate total dissimilarity between two lists and values 
close to +1 indicate that ranks are identical.  In order to test the hypothesis H0: rs =0 the 
following   t statistic is used for large samples i.e. N > 10 [Siegel 1956]: 
                                                    ` = Z[L ^D%DabV              , ]Q =  _ − 2 
 
(4-2) 
Based on the alternate hypothesis, one or two tailed critical value would be used.  In this 
research, H1: rs > 0 was selected as alternate and one tailed test with 95% level of 
confidence was adopted.  Results of comparisons are presented in tables 4-3 and 4-4. 
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Table 4-3 Spearman rank correlation coefficients calculated for each pair of scenarios 
 CNP CPN NPC NCP PCN PNC 
CNP 0 -0.04 0.27 0.12 0.06 0.44 
CPN -0.04 0 0.12 0.01 -0.11 -0.08 
NPC 0.27 0.12 0 0.14 0.12 0.12 
NCP 0.12 0.01 0.14 0 0.3 0.29 
PCN 0.06 -0.11 0.12 0.3 0 0.21 
PNC 0.44 -0.08 0.12 0.29 0.21 0 
 
Table 4-4 t-Statistic calculated for each pair of lists 
 CNP CPN NPC NCP PCN PNC 
CNP - -0.3 2.07 0.87 0.47 3.66 
CPN -0.3 - 0.88 0.07 -0.8 -0.62 
NPC 2.07 0.88 - 1.07 0.87 0.9 
NCP 0.87 0.07 1.07 - 2.38 2.27 
PCN 0.47 -0.8 0.87 2.38 - 1.63 
PNC 3.66 -0.62 0.9 2.27 1.63 - 
 
According to rs and t values, with t56, 0.95 = 2.01 the following conclusions could be made on 
associations among rankings: PCN and NCP are similar. NCP and PNC are similar and PNC 
and CNP are similar.  It implies that we have four scenarios that don’t yield significantly 
different ranks.  These scenarios are: PCN, NCP, PNC and CNP.  Other scenarios are NPC and 
CPN which prove to be unrelated to each other. 
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These comparisons have been made based on the assumption that all fifty eight 
countermeasures are going to be implemented.  This assumption does not seem realistic 
according to limitations in budget and managerial work force.  The structure of rs function 
suggests that by decreasing the number of objects in the list i.e. N, the overall value of the rs 
will diminish reducing the number of scenario-pairs with similar rankings.  Spearman’s 
index could not be calculated for partial adoption of countermeasures because in that case, 
the objects in the lists will not necessarily be the same 
4.3. Clustering the Outputs 
In order to make the prioritized countermeasures handier for decision makers to 
implement, they were clustered into five groups namely: low, relatively low, medium, 
relatively high and high.  The clustering is necessary as the MATLAB software does not 
have an option to yield the fuzzy outputs before defuzzifying them. 
The K-means method available in WEKA software was employed to cluster the outputs.  
The following is the algorithm of this method: 
Step 1: Randomly partition all the items into k=5 initial clusters and compute centroids, or 
specify an initial set of k=5 randomly selected centroids (seed points). 
Step 2: Proceed through the list of objects, assigning an object to the cluster whose centroid 
is nearest. 
Step 3: Recalculate the centroids for the cluster receiving the new object and for the cluster 
losing the object. 
Step 4: Repeat steps 2 and 3 until no more reassignments take place. 
Results are shown in table 4-6 and Kigure 4-1 for the Cost – Need _ Performance scenario 
and tables D-1 through D-5 and Kigures D-1 through D-5 of Appendix D for the rest.  
In order to measure the quality of the process in clustering the output, within cluster sum 
of squared errors were calculated.  This index shows the sum of distances from centroids of 
each cluster in the final iteration. 
As the result of clustering process, outputs have been categorized in five groups based on 
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their priority as shown in table 4-6 and 4-7 for high and relatively high priorities under 
different scenarios, respectively, and tables E-1 through E-4 of Appendix E for the rest. 
 
Table 4-5 Clustering results for CNP scenario 
CNP 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.3281 0.5722 0.4296 0.6888 0.4876 
Standard 
Deviation 
0.0309 0.0197 0.0224 0.0365 0.0187 
Clustered 
Countermeasures 
7 (12%) 10 (17%) 10 (17%) 22 (38%) 9 (16%) 
Within cluster sum of squared errors: 0.1587 Number of iterations: 4 
 
 
Figure (4-1) Countermeasures sketched based on their priority 
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Table 4-6 High priority countermeasures 
CNP 
Improve super elevation on curves 
Install automated enforcement of red light violations 
Employ signal coordination 
Install new guardrail 
Convert to 4 way stop from 2 way stop 
Mass Media Campaigns 
Private mid block pedestrian refuge 
CPN 
Improve super elevation on curves 
Mass media campaigns 
Install automated enforcement of red light violations 
Install new guardrail 
Convert to 4-way stop from 2-way stop 
Sobriety checkpoints 
NPC 
Improve super elevation on curves 
Install automated enforcement of red light violations 
Install new guardrail 
Provide mid-block pedestrian refuge 
Convert to 4-way stop from 2-way stop 
 
NCP 
Install automated enforcement of red light violations 
Improve super elevation on curves 
Employ signal coordination 
36 
Convert to 4-way stop from 2-way stop 
         Table 4-6 Continued 
Install new guardrail 
Provide mid-block pedestrian refuge 
PCN 
Improve super elevation on curves 
Install automated enforcement of red light violations 
Employ signal coordination 
Install new guardrail 
Convert to 4-way stop from 2-way stop 
PNC 
Install automated enforcement of red light violations 
Lengthen the yellow change interval to ITE guidelines 
Improve super elevation on curves 
Employ signal coordination 
Install traffic signal 
Provide Positive Offset for Left-Turn Lanes 
 
 
Table 4-7 Relatively High Priority Countermeasures 
CNP 
Sobriety checkpoints 
Provide Positive Offset for Left-Turn Lanes 
Convert Two-Way Streets to a One-Way Pair 
Identify license regulation violators 
Lengthen the yellow change interval to ITE guidelines 
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Provide Right-Turn Lanes 
                     Table 4-7 Continued 
Combined Enforcement; Nighttime Enforcement 
Communications and Outreach Supporting Enforcement 
Grooving existing pavement 
Lengthen Left-Turn Lane 
CPN 
Communications and Outreach Supporting Enforcement 
Employ signal coordination 
Provide mid-block pedestrian refuge 
Combined Enforcement; Nighttime Enforcement 
Convert Two-Way Streets to a One-Way Pair 
Administrative license revocation or suspension (ALR\ALS) 
Provide Positive Offset for Left-Turn Lanes 
NPC 
Employ signal coordination 
Convert Two-Way Streets to a One-Way Pair 
Lengthen the yellow change interval to ITE guidelines 
Provide Positive Offset for Left-Turn Lanes 
Convert a Four-Leg Intersection to Two T Intersections 
Provide Right-Turn Lanes 
Convert to Roundabout 
Improve Intersection Skew Angle 
Mass media campaigns 
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NCP 
Provide Positive Offset for Left-Turn Lanes 
                    Table 4-7 Continued 
Identify license regulation violators 
Lengthen the yellow change interval to ITE guidelines 
Convert Two-Way Streets to a One-Way Pair 
Provide Right-Turn Lanes 
Combined Enforcement; Nighttime Enforcement 
Communications and Outreach Supporting Enforcement 
Grooving existing pavement 
Lengthen Left-Turn Lane 
PCN 
Provide Positive Offset for Left-Turn Lanes 
Convert Two-Way Streets to a One-Way Pair 
Lengthen the yellow change interval to ITE guidelines 
Identify license regulation violators 
Provide Right-Turn Lanes 
Provide Right-Turn Lanes 
Combined Enforcement; Nighttime Enforcement 
Communications and Outreach Supporting Enforcement 
Grooving existing pavement 
PNC 
Install larger (12-in.) signal lenses 
Use Split Phases 
Identify license regulation violators 
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Communications and Outreach Supporting Enforcement 
                     Table 4-7 Continued 
Combined Enforcement; Nighttime Enforcement 
Provide Right-Turn Lanes 
Optimize clearance intervals 
Grooving existing pavement 
Convert Two-Way Streets to a One-Way Pair 
Lengthen Left-Turn Lane 
Provide louvers, visors, or special lenses so drivers are able to 
view signals only for their approach 
Use Protected Left Turns w/o Left turn phase 
Mass media campaigns 
Restrict young drivers from carrying teenage passengers 
 
 
4.4. Comparison with the Economic Analysis Method 
The ability of the FIS to produce results similar to the traditional benefit cost ratio 
method was tested.  In order to test that, the need was excluded from the inputs of the 
FIS and the average rank of countermeasures over CPN and PCN were calculated.  
Results were compared to the results of benefit cost ratio method using Spearman’s 
correlation index and the t statistic was calculated to test the null hypothesis of 
significant distinction against the alternate hypothesis of similarity of results of two 
methods.  The t statistic was found to be 7.8 which rejects the null hypothesis in favor of 
alternate and indicates the similarity of the results of two methods.  The results have 
been reported in table 4 -8 for the Kirst twelve ranked countermeasures and in 
Appendix G for the whole list of countermeasures.  In the table, column labeled as BC 
shows the priority each countermeasures has gained using benefit cost ratio method 
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and column labeled as AVG shows the countermeasures average priority under 
scenarios CPN and PCN under FIS. 
 
Table 4 – 8 Comparison of the results for the FIS and the Benefit Cost Ratio method 
Countermeasure BC AVG 
Remove or relocate unnecessary signs 1 1 
Night time driving restrictions for drivers aged under 21 2 2 
Provide targeted conventional enforcement of traffic laws 4 3 
Employ emergency vehicle preemption 5 4 
Supervised driving for beginners at age 16 for six months 6 5 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 3 6 
Alcohol interlocks 9 7 
Installing rumble strips on approaches 7 8 
Provide mid-block pedestrian refuge 10 9 
Installing queue detection system 8 10 
Install traffic signal 12 11 
Enforce zero tolerance laws for drivers under age 21 11 12 
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Chapter 5 Conclusions and Suggestions 
5.1. Conclusions 
1. The results produced by the FIS are intuitively correct.  Under each scenario, 
countermeasures with high merit in terms of the most important decision criteria 
are on top of the ranked list.  Moreover, in all lists, countermeasures which have 
high grades in all decision criteria enjoy higher priority and those with weak grades 
in all criteria are below in all prioritized lists. 
2. Although the developed system addresses the problem at state level, it could also be 
applied to a subset of countermeasures, local area, or even a specific site.  That is, 
the procedure can be applied to a limited number of sites, or even an individual site.  
The countermeasures evaluated in this case are the countermeasures considered in 
the site or sites considered.  The FIS is able to produce results similar to the cost 
benefit ratio method.   
3. The managerial preference concept proves to have a strong effect on the 
prioritization of countermeasures, underscoring the impact that local conditions are 
allowed to have in this procedure.  
5.2. Findings 
1. There are some countermeasures that ranked as a “high priority” under all 
scenarios in Louisiana.  These countermeasures are listed below and are suggested 
for implementation because they retain their priority despite changes in 
managerial preferences: 
• Use alcohol interlocks.  
• Enforce zero tolerance laws for drivers under age 21.  
• Increased Belt Use Law Penalties: Fines and Driver’s License Points. 
• Limiting license violators from using vehicles. 
• Provide mid-block pedestrian refuge. 
• Remove or relocate unnecessary signs. 
• Supervised driving for beginners at age 16 for six months.  
• Use Protected Left Turns + Left turn phase.  
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2. Fuzzy membership functions of cost and performance and all rule bases are likely 
to be applicable in other states.  Only the fuzzy membership functions of need 
should be updated for each state.  This is because the overall costs of problematic 
areas in different states differ and membership functions are defined based on the 
dispersion pattern of these values.  Updating the membership functions for need 
and getting the results for the updated system could easily be accomplished in 
MATLAB. On the other hand, performance measures are not reported in state 
specific form.  As the cost has been classified in three classes, minor differences 
states would bear in order to implement a specific countermeasure would not 
change the cost estimate from one class to the other.  
3. This procedure could be used by state officials in setting overall priorities of 
countermeasures in the state, or they could be used by safety engineers in 
assessing countermeasures within their own district or at a particular site (e.g. 
intersection or road segment). 
4. The main advantage of this method is that it provides a systematic and easy-to-
apply procedure to establish the priorities of countermeasures while allowing for 
qualitative considerations. 
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Appendix A: Rule Bases for All Managerial Preferences 
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Table A-1 Rule Base for Cost – Performance - Need scenario 
No. Performance Need Cost Priority 
1 Low Low Low Low 
2 Medium Low Low Relatively High 
3 High Low Low Relatively High 
4 Low Medium Low Relatively Low 
5 Medium Medium Low Relatively High 
6 High Medium Low High 
7 Low High Low Relatively Low 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Relatively Low 
12 High Low Medium Relatively Low 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Medium 
16 Low High Medium Relatively Low 
17 Medium High Medium Medium 
18 High High Medium Relatively High 
19 Low Low High Low 
20 Medium Low High Low 
21 High Low High Relatively Low 
22 Low Medium High Low 
23 Medium Medium High Relatively Low 
24 High Medium High Medium 
25 Low High High Relatively Low 
26 Medium High High Relatively Low 
27 High High High Medium 
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Table A-2 Rule Base for Need - Cost - Performance scenario 
No. Performance Need Cost Priority 
1 Low Low Low Relatively Low 
2 Medium Low Low Medium 
3 High Low Low Medium 
4 Low Medium Low Medium 
5 Medium Medium Low Relatively High 
6 High Medium Low Relatively High 
7 Low High Low Medium 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Relatively Low 
12 High Low Medium Relatively Low 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Medium 
16 Low High Medium Medium 
17 Medium High Medium Medium 
18 High High Medium Relatively High 
19 Low Low High Low 
20 Medium Low High Relatively Low 
21 High Low High Relatively Low 
22 Low Medium High Relatively Low 
23 Medium Medium High Relatively Low 
24 High Medium High Medium 
25 Low High High Medium 
26 Medium High High Medium 
27 High High High Relatively High 
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Table A-3 Rule Base for Need - Performance – Cost scenario 
No. Performance Need Cost Priority 
1 Low Low Low Low 
2 Medium Low Low Medium 
3 High Low Low Medium 
4 Low Medium Low Medium 
5 Medium Medium Low Relatively High 
6 High Medium Low Relatively High 
7 Low High Low Medium 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Relatively Low 
12 High Low Medium Medium 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Relatively High 
16 Low High Medium Medium 
17 Medium High Medium Relatively High 
18 High High Medium High 
19 Low Low High Low 
20 Medium Low High Low 
21 High Low High Relatively Low 
22 Low Medium High Relatively Low 
23 Medium Medium High Relatively Low 
24 High Medium High Medium 
25 Low High High Relatively Low 
26 Medium High High Medium 
27 High High High Relatively High 
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Table A-4 Rule Base for Performance – Cost - Need scenario 
No. Performance Need Cost Priority 
1 Low Low Low Low 
2 Medium Low Low Medium 
3 High Low Low Relatively High 
4 Low Medium Low Medium 
5 Medium Medium Low Relatively High 
6 High Medium Low High 
7 Low High Low Medium 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Relatively Low 
12 High Low Medium Medium 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Medium 
16 Low High Medium Medium 
17 Medium High Medium Medium 
18 High High Medium Relatively High 
19 Low Low High Low 
20 Medium Low High Low 
21 High Low High Relatively Low 
22 Low Medium High Relatively Low 
23 Medium Medium High Relatively Low 
24 High Medium High Medium 
25 Low High High Medium 
26 Medium High High Medium 
27 High High High Relatively High 
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Table A-5 Rule Base for Performance – Need - Cost scenario 
No. Performance Need Cost Priority 
1 Low Low Low Low 
2 Medium Low Low Relatively Low 
3 High Low Low Medium 
4 Low Medium Low Relatively Low 
5 Medium Medium Low Medium 
6 High Medium Low High 
7 Low High Low Medium 
8 Medium High Low Relatively High 
9 High High Low High 
10 Low Low Medium Low 
11 Medium Low Medium Relatively Low 
12 High Low Medium Medium 
13 Low Medium Medium Relatively Low 
14 Medium Medium Medium Medium 
15 High Medium Medium Relatively High 
16 Low High Medium Medium 
17 Medium High Medium Medium 
18 High High Medium High 
19 Low Low High Low 
20 Medium Low High Relatively Low 
21 High Low High Medium 
22 Low Medium High Relatively Low 
23 Medium Medium High Medium 
24 High Medium High Medium 
25 Low High High Medium 
26 Medium High High Medium 
27 High High High Relatively High 
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Appendix B: Priority vs. Need and Performance Sketched under Different 
Scenarios 
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Figure B-1 Priority vs. Need and Performance in Cost – Performance - Need Scenario 
 
 
Figure B-2 Priority vs. Need and Performance in Need - Cost – Performance Scenario 
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Figure B-3 Priority vs. Need and Performance in Need - Performance – Cost Scenario 
 
 
Figure B-4 Priority vs. Need and Performance in Performance – Cost - Need Scenario 
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Figure B-5 Priority vs. Need and Performance in Performance – Need - Cost Scenario 
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Appendix C: Prioritized Countermeasures under different Scenarios 
57 
Table C-1 Prioritized countermeasures under Cost – Performance - Need scenario 
Priority Countermeasure 
1 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
2 Night time driving restrictions for drivers aged… 
3 Remove or relocate unnecessary signs 
4 Remove unwarranted signal 
5 Use Protected Left Turns + Left turn phase 
6 Supervised driving for beginners at age 16 for six months 
7 Limiting license violators from using vehicles 
8 Installing queue detection system 
9 Installing rumble strips on approaches 
10 Clear sight triangles 
11 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
12 Integrated enforcement 
13 Install back plates 
14 Restrict or eliminate parking on intersection approaches 
15 Install traffic signal 
16 Restrict young drivers from carrying teenage passengers 
17 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
18 Use Protected Left Turns w/o Left turn phase 
19 Alcohol interlocks 
20 Enforce zero tolerance laws for drivers under age 21 
21 Model prediction of crash severity reduction 
22 Seize vehicles or license plates administratively upon arrest 
23 Install Ignition Interlock Device (IID) 
24 Optimize clearance intervals 
25 Responsible beverage service 
26 Short–Term, High–Visibility Belt Law Enforcement 
27 Install larger (12-in.) signal lenses 
28 Use Split Phases 
29 Employ emergency vehicle preemption 
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                                      Table C-1 Continued 
30 Provide targeted conventional enforcement of traffic laws 
31 Implement automated enforcement of red-light running (cameras) 
32 Install Left-Turn Lane 
33 Implement automated enforcement of approach speeds (cameras) 
34 Delineate Turn Path 
35 Overlaying existing pavement 
36 Improve Left-Turn Lane Geometry 
37 State Primary Enforcement Belt Use Laws 
38 Lengthen Left-Turn Lane 
39 Lengthen the yellow change interval to ITE guidelines 
40 Grooving existing pavement 
41 Provide Right-Turn Lanes 
42 Identify license regulation violators 
43 Convert to Roundabout 
44 Improve Intersection Skew Angle 
45 Convert a Four-Leg Intersection to Two T Intersections 
46 Provide Positive Offset for Left-Turn Lanes 
47 Administrative license revocation or suspension (ALR\ALS) 
48 Convert Two-Way Streets to a One-Way Pair 
49 Combined Enforcement; Nighttime Enforcement 
50 Provide mid-block pedestrian refuge 
51 Employ signal coordination 
52 Communications and Outreach Supporting Enforcement 
53 Sobriety checkpoints 
54 Convert to 4-way stop from 2-way stop 
55 Install new guardrail 
56 Install automated enforcement of red light violations 
57 Mass media campaigns 
58 Improve super elevation on curves 
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Table C-2 Prioritized countermeasures under Need – Performance - Cost scenario 
Priority Countermeasure 
1 Alcohol interlocks 
2 Enforce zero tolerance laws for drivers under age 21 
3 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
4 Model prediction of crash severity reduction 
5 Install Ignition Interlock Device (IID) 
6 Limiting license violators from using vehicles 
7 Integrated enforcement 
8 Night time driving restrictions for drivers aged… 
9 Responsible beverage service 
10 Remove or relocate unnecessary signs 
11 Remove unwarranted signal 
12 Employ emergency vehicle preemption 
13 Provide targeted conventional enforcement of traffic laws 
14 Clear sight triangles 
15 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
16 Install back plates 
17 Restrict or eliminate parking on intersection approaches 
18 Supervised driving for beginners at age 16 for six months 
19 Use Protected Left Turns + Left turn phase 
20 Seize vehicles or license plates administratively upon arrest 
21 Implement automated enforcement of red-light running (cameras) 
22 Restrict young drivers from carrying teenage passengers 
23 Installing queue detection system 
24 Installing rumble strips on approaches 
25 Implement automated enforcement of approach speeds (cameras) 
26 Short–Term, High–Visibility Belt Law Enforcement 
27 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
28 Use Protected Left Turns w/o Left turn phase 
29 Optimize clearance intervals 
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                                     Table C-2 Continued 
30 State Primary Enforcement Belt Use Laws 
31 Provide mid-block pedestrian refuge 
32 Administrative license revocation or suspension (ALR\ALS) 
33 Install traffic signal 
34 Improve Left-Turn Lane Geometry 
35 Install larger (12-in.) signal lenses 
36 Use Split Phases 
37 Identify license regulation violators 
38 Overlaying existing pavement 
39 Delineate Turn Path 
40 Install Left-Turn Lane 
41 Combined Enforcement; Nighttime Enforcement 
42 Sobriety checkpoints 
43 Communications and Outreach Supporting Enforcement 
44 Lengthen Left-Turn Lane 
45 Grooving existing pavement 
46 Mass media campaigns 
47 Convert to Roundabout 
48 Improve Intersection Skew Angle 
49 Provide Right-Turn Lanes 
50 Convert a Four-Leg Intersection to Two T Intersections 
51 Provide Positive Offset for Left-Turn Lanes 
52 Lengthen the yellow change interval to ITE guidelines 
53 Convert Two-Way Streets to a One-Way Pair 
54 Employ signal coordination 
55 Convert to 4-way stop from 2-way stop 
56 Install new guardrail 
57 Install automated enforcement of red light violations 
58 Improve super elevation on curves 
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Table C-3 Prioritized countermeasures under Need – Cost - Performance scenario 
Priority Countermeasure 
1 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
2 Limiting license violators from using vehicles 
3 Integrated enforcement 
4 Night time driving restrictions for drivers aged… 
5 Remove or relocate unnecessary signs 
6 Remove unwarranted signal 
7 Clear sight triangles 
8 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
9 Install back plates 
10 Restrict or eliminate parking on intersection approaches 
11 Supervised driving for beginners at age 16 for six months 
12 Use Protected Left Turns + Left turn phase 
13 Seize vehicles or license plates administratively upon arrest 
14 Restrict young drivers from carrying teenage passengers 
15 Installing queue detection system 
16 Installing rumble strips on approaches 
17 Alcohol interlocks 
18 Enforce zero tolerance laws for drivers under age 21 
19 Model prediction of crash severity reduction 
20 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
21 Use Protected Left Turns w/o Left turn phase 
22 Install Ignition Interlock Device (IID) 
23 Optimize clearance intervals 
24 State Primary Enforcement Belt Use Laws 
25 Administrative license revocation or suspension (ALR\ALS) 
26 Install traffic signal 
27 Responsible beverage service 
28 Install larger (12-in.) signal lenses 
29 Use Split Phases 
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                                       Table C-3 Continued 
30 Short–Term, High–Visibility Belt Law Enforcement 
31 Sobriety checkpoints 
32 Employ emergency vehicle preemption 
33 Provide targeted conventional enforcement of traffic laws 
34 Implement automated enforcement of red-light running (cameras) 
35 Install Left-Turn Lane 
36 Implement automated enforcement of approach speeds (cameras) 
37 Convert to Roundabout 
38 Improve Intersection Skew Angle 
39 Delineate Turn Path 
40 Convert a Four-Leg Intersection to Two T Intersections 
41 Overlaying existing pavement 
42 Mass media campaigns 
43 Improve Left-Turn Lane Geometry 
44 Lengthen Left-Turn Lane 
45 Grooving existing pavement 
46 Communications and Outreach Supporting Enforcement 
47 Combined Enforcement; Nighttime Enforcement 
48 Provide Right-Turn Lanes 
49 Convert Two-Way Streets to a One-Way Pair 
50 Lengthen the yellow change interval to ITE guidelines 
51 Identify license regulation violators 
52 Provide Positive Offset for Left-Turn Lanes 
53 Provide mid-block pedestrian refuge 
54 Install new guardrail 
55 Convert to 4-way stop from 2-way stop 
56 Employ signal coordination 
57 Improve super elevation on curves 
58 Install automated enforcement of red light violations 
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Table C-4 Prioritized countermeasures under Performance – Cost - Need Scenario 
Priority Countermeasure 
1 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
2 Remove or relocate unnecessary signs 
3 Remove unwarranted signal 
4 Night time driving restrictions for drivers aged… 
5 Limiting license violators from using vehicles 
6 Use Protected Left Turns + Left turn phase 
7 Integrated enforcement 
8 Supervised driving for beginners at age 16 for six months 
9 Installing queue detection system 
10 Installing rumble strips on approaches 
11 Clear sight triangles 
12 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
13 Alcohol interlocks 
14 Enforce zero tolerance laws for drivers under age 21 
15 Install back plates 
16 Restrict or eliminate parking on intersection approaches 
17 Seize vehicles or license plates administratively upon arrest 
18 Restrict young drivers from carrying teenage passengers 
19 Model prediction of crash severity reduction 
20 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
21 Use Protected Left Turns w/o Left turn phase 
22 Install Ignition Interlock Device (IID) 
23 Optimize clearance intervals 
24 State Primary Enforcement Belt Use Laws 
25 Install traffic signal 
26 Administrative license revocation or suspension (ALR\ALS) 
27 Responsible beverage service 
28 Install larger (12-in.) signal lenses 
29 Use Split Phases 
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                                       Table C-4 Continued 
30 Employ emergency vehicle preemption 
31 Provide targeted conventional enforcement of traffic laws 
32 Implement automated enforcement of red-light running (cameras) 
33 Implement automated enforcement of approach speeds (cameras) 
34 Provide mid-block pedestrian refuge 
35 Short–Term, High–Visibility Belt Law Enforcement 
36 Sobriety checkpoints 
37 Install Left-Turn Lane 
38 Delineate Turn Path 
39 Overlaying existing pavement 
40 Mass media campaigns 
41 Convert to Roundabout 
42 Improve Intersection Skew Angle 
43 Improve Left-Turn Lane Geometry 
44 Convert a Four-Leg Intersection to Two T Intersections 
45 Lengthen Left-Turn Lane 
46 Grooving existing pavement 
47 Communications and Outreach Supporting Enforcement 
48 Combined Enforcement; Nighttime Enforcement 
49 Provide Right-Turn Lanes 
50 Identify license regulation violators 
51 Lengthen the yellow change interval to ITE guidelines 
52 Convert Two-Way Streets to a One-Way Pair 
53 Provide Positive Offset for Left-Turn Lanes 
54 Convert to 4-way stop from 2-way stop 
55 Install new guardrail 
56 Employ signal coordination 
57 Install automated enforcement of red light violations 
58 Improve super elevation on curves 
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Table C-5 Prioritized countermeasures under Performance – Need - Cost scenario 
Priority Countermeasure 
1 Alcohol interlocks 
2 Increased Belt Use Law Penalties: Fines and Driver’s License Points 
3 Enforce zero tolerance laws for drivers under age 21 
4 Model prediction of crash severity reduction 
5 Install Ignition Interlock Device (IID) 
6 Night time driving restrictions for drivers aged… 
7 Remove or relocate unnecessary signs 
8 Remove unwarranted signal 
9 Integrated enforcement 
10 Employ emergency vehicle preemption 
11 Provide targeted conventional enforcement of traffic laws 
12 Implement automated enforcement of red-light running (cameras) 
13 Implement automated enforcement of approach speeds (cameras) 
14 Limiting license violators from using vehicles 
15 Use Protected Left Turns + Left turn phase 
16 Seize vehicles or license plates administratively upon arrest 
17 Administrative license revocation or suspension (ALR\ALS) 
18 Supervised driving for beginners at age 16 for six months 
19 Responsible beverage service 
20 Provide mid-block pedestrian refuge 
21 Installing queue detection system 
22 Installing rumble strips on approaches 
23 Improve Left-Turn Lane Geometry 
24 Sobriety checkpoints 
25 Overlaying existing pavement 
26 Convert to Roundabout 
27 Improve Intersection Skew Angle 
28 Short–Term, High–Visibility Belt Law Enforcement 
29 Delineate Turn Path 
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                                       Table C-5 Continued 
30 State Primary Enforcement Belt Use Laws 
31 Clear sight triangles 
32 Restrict or Eliminate Turning Maneuvers Using Channelization or Signing 
33 Convert to 4-way stop from 2-way stop 
34 Install Left-Turn Lane 
35 Install new guardrail 
36 Convert a Four-Leg Intersection to Two T Intersections 
37 Install back plates 
38 Restrict or eliminate parking on intersection approaches 
39 Restrict young drivers from carrying teenage passengers 
40 Mass media campaigns 
41 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
42 Use Protected Left Turns w/o Left turn phase 
43 Lengthen Left-Turn Lane 
44 Convert Two-Way Streets to a One-Way Pair 
45 Grooving existing pavement 
46 Optimize clearance intervals 
47 Provide Right-Turn Lanes 
48 Combined Enforcement; Nighttime Enforcement 
49 Communications and Outreach Supporting Enforcement 
50 Identify license regulation violators 
51 Install larger (12-in.) signal lenses 
52 Use Split Phases 
53 Provide Positive Offset for Left-Turn Lanes 
54 Install traffic signal 
55 Employ signal coordination 
56 Improve super elevation on curves 
57 Lengthen the yellow change interval to ITE guidelines 
58 Install automated enforcement of red light violations 
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Appendix D: Clustering Results for Different Scenarios 
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Table D-1 Clustering results for CPN scenario 
CPN 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.2887 0.3527 0.6375 0.7939 0.4637 
Standard 
Deviation 
0.0342 0.0255 0.046 0.0413 0.0278 
Clustered 
Instances 
6 (10%) 7 (12%) 9 (16%) 16 (28%) 20 (34%) 
Within cluster sum of squared errors: 0.1537 Number of iterations: 10 
 
 
 
Figure D-1 Countermeasures sketched based on their priority 
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Table D-2 Clustering results for NCP scenario 
NCP 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.3251 0.5689 0.4383 0.6865 0.4788 
Standard 
Deviation 
0.0184 0.0215 0.0175 0.0386 0.0142 
Clustered 
Instances 
6 (10%) 8 (14%) 9 (16%) 21 (36%) 14 (24%) 
Within cluster sum of squared errors: 0.1525 Number of iterations: 4 
 
 
 
Figure D-2 Countermeasures sketched based on their priority 
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Table D-3 Clustering results for NPC scenario 
NPC 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.3303 0.5571 0.499 0.7027 0.4551 
Standard 
Deviation 
0.0378 0.0195 0.015 0.0506 0.0241 
Clustered 
Instances 
5 (9%) 11 (19%) 5 (9%) 28 (48%) 9 (16%) 
Within cluster sum of squared errors: 0.2885 Number of iterations: 4 
 
 
 
Figure D-3 Countermeasures sketched based on their priority 
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Table D-4 Clustering results for PCN scenario 
PCN 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.3162 0.5595 0.4316 0.7252 0.4721 
Standard 
Deviation 
0.0278 0.031 0.0195 0.0662 0.0112 
Clustered 
Instances 
5 (9%) 14 (24%) 8 (14%) 21 (36%) 10 (17%) 
Within cluster sum of squared errors: 0.3057 Number of iterations: 4 
 
 
 
Figure D-4 Countermeasures sketched based on their priority  
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Table D-5 Clustering results for PCN scenario 
PNC 
 Cluster 0 Cluster 1 Cluster 2 Cluster 3 Cluster 4 
Mean/Mode 0.3495 0.7734 0.4629 0.6567 0.5374 
Standard 
Deviation 
0.0394 0.042 0.0183 0.0308 0.0225 
Clustered 
Instances 
6 (10%) 8 (14%) 14 (24%) 9 (16%) 21 (36%) 
Within cluster sum of squared errors: 0.1588 Number of iterations: 8 
 
 
 
Figure D-5 Countermeasures sketched based on their priority 
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Appendix E: Prioritized Countermeasures Subject to Different Scenarios 
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Table E-1 Medium priority countermeasures 
CNP 
Convert a Four-Leg Intersection to Two T Intersections 
Convert to Roundabout 
Improve Intersection Skew Angle 
Install Left-Turn Lane 
Delineate Turn Path 
Overlaying existing pavement 
Administrative license revocation or suspension (ALR\ALS) 
Improve Left-Turn Lane Geometry 
Short–Term, High–Visibility Belt Law Enforcement 
CPN 
Convert a Four-Leg Intersection to Two T Intersections 
Convert to Roundabout 
Improve Intersection Skew Angle 
Identify license regulation violators 
Provide Right-Turn Lanes 
Grooving existing pavement 
Lengthen the yellow change interval to ITE guidelines 
Lengthen Left-Turn Lane 
State Primary Enforcement Belt Use Laws 
Improve Left-Turn Lane Geometry 
Overlaying existing pavement 
Delineate Turn Path 
Implement automated enforcement of approach speeds (cameras) 
Implement automated enforcement of red-light running (cameras) 
Install Left-Turn Lane 
Employ emergency vehicle preemption 
Provide targeted conventional enforcement of traffic laws 
Install larger (12-in.) signal lenses 
Use Split Phases 
Short–Term, High–Visibility Belt Law Enforcement 
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                         Table E-1 Continued 
NPC 
Grooving existing pavement 
Lengthen Left-Turn Lane 
Communications and Outreach Supporting Enforcement 
Sobriety checkpoints 
Combined Enforcement; Nighttime Enforcement 
NCP 
Improve Left-Turn Lane Geometry 
Mass media campaigns 
Overlaying existing pavement 
Convert a Four-Leg Intersection to Two T Intersections 
Delineate Turn Path 
Convert to Roundabout 
Improve Intersection Skew Angle 
Implement automated enforcement of approach speeds (cameras) 
Implement automated enforcement of red-light running (cameras) 
Install Left-Turn Lane 
Employ emergency vehicle preemption 
Provide targeted conventional enforcement of traffic laws 
Sobriety checkpoints 
Short–Term, High–Visibility Belt Law Enforcement 
PCN 
Lengthen Left-Turn Lane 
Convert a Four-Leg Intersection to Two T Intersections 
Improve Left-Turn Lane Geometry 
Convert to Roundabout 
Improve Intersection Skew Angle 
Mass media campaigns 
Overlaying existing pavement 
Delineate Turn Path 
Install Left-Turn Lane 
Sobriety checkpoints 
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                          Table E-1 Continued 
PNC 
Install back plates 
Restrict or eliminate parking on intersection approaches 
Convert a Four-Leg Intersection to Two T Intersections 
Install new guardrail 
Install Left-Turn Lane 
Convert to 4-way stop from 2-way stop 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing State Primary Enforcement Belt Use Laws 
Delineate Turn Path 
Short–Term, High–Visibility Belt Law Enforcement 
Convert to Roundabout 
Improve Intersection Skew Angle 
Overlaying existing pavement 
Sobriety checkpoints 
Improve Left-Turn Lane Geometry 
Installing queue detection system 
Installing rumble strips on approaches 
Provide mid-block pedestrian refuge 
Responsible beverage service 
Supervised driving for beginners at age 16 for six months 
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Table E-2 Relatively low priority countermeasures 
CNP 
Install larger (12-in.) signal lenses 
Use Split Phases 
Responsible beverage service 
Install traffic signal 
Implement automated enforcement of approach speeds (cameras) 
State Primary Enforcement Belt Use Laws 
Implement automated enforcement of red-light running (cameras) 
Employ emergency vehicle preemption 
Provide targeted conventional enforcement of traffic laws 
Optimize clearance intervals 
CPN 
Responsible beverage service 
Optimize clearance intervals 
Install Ignition Interlock Device (IID) 
Seize vehicles or license plates administratively upon arrest 
Model prediction of crash severity reduction 
Enforce zero tolerance laws for drivers under age 21 
Alcohol interlocks 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
Use Protected Left Turns w/o Left turn phase 
NPC 
Install Left-Turn Lane 
Delineate Turn Path 
Overlaying existing pavement 
Identify license regulation violators 
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                           Table E-2 Continued  
Install larger (12-in.) signal lenses 
Use Split Phases 
Improve Left-Turn Lane Geometry 
Install traffic signal 
Administrative license revocation or suspension (ALR\ALS) 
State Primary Enforcement Belt Use Laws 
Optimize clearance intervals 
NCP 
Install larger (12-in.) signal lenses 
Use Split Phases 
Responsible beverage service 
Install traffic signal 
Administrative license revocation or suspension (ALR\ALS) 
State Primary Enforcement Belt Use Laws 
Optimize clearance intervals 
Install Ignition Interlock Device (IID) 
PCN 
Short–Term, High–Visibility Belt Law Enforcement 
Provide mid-block pedestrian refuge 
Implement automated enforcement of approach speeds (cameras) 
Implement automated enforcement of red-light running (cameras) 
Employ emergency vehicle preemption 
Install larger (12-in.) signal lenses 
Provide targeted conventional enforcement of traffic laws 
Use Split Phases 
Responsible beverage service 
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                         Table E-2 Continued 
Administrative license revocation or suspension (ALR\ALS) 
Install traffic signal 
State Primary Enforcement Belt Use Laws 
Optimize clearance intervals 
Install Ignition Interlock Device (IID) 
PNC 
Administrative license revocation or suspension (ALR\ALS) 
Seize vehicles or license plates administratively upon arrest 
Use Protected Left Turns + Left turn phase 
Limiting license violators from using vehicles 
Implement automated enforcement of approach speeds (cameras) 
Implement automated enforcement of red-light running (cameras) 
Employ emergency vehicle preemption 
Provide targeted conventional enforcement of traffic laws 
Integrated enforcement 
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Table E-3 Low priority countermeasures 
CNP 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach Use Protected Left Turns w/o Left turn phase 
Install Ignition Interlock Device (IID) 
Installing queue detection system 
Installing rumble strips on approaches 
Seize vehicles or license plates administratively upon arrest 
Restrict young drivers from carrying teenage passengers 
Use Protected Left Turns + Left turn phase 
Supervised driving for beginners at age 16 for six months 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing Install back plates 
Restrict or eliminate parking on intersection approaches 
Model prediction of crash severity reduction 
Remove or relocate unnecessary signs 
Remove unwarranted signal 
Night time driving restrictions for drivers aged… 
Enforce zero tolerance laws for drivers under age 21 
Alcohol interlocks 
Integrated enforcement 
Limiting license violators from using vehicles 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
CPN 
Restrict young drivers from carrying teenage passengers 
Install traffic signal 
Install back plates 
Restrict or eliminate parking on intersection approaches 
Integrated enforcement 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing 
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                          Table E-3 Continued 
Installing queue detection system 
Installing rumble strips on approaches 
Limiting license violators from using vehicles 
Supervised driving for beginners at age 16 for six months 
Use Protected Left Turns + Left turn phase 
Remove or relocate unnecessary signs 
Remove unwarranted signal 
Night time driving restrictions for drivers aged… 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
NPC 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach Use Protected Left Turns w/o Left turn phase 
Short–Term, High–Visibility Belt Law Enforcement 
Implement automated enforcement of approach speeds (cameras) 
Installing queue detection system 
Installing rumble strips on approaches 
Restrict young drivers from carrying teenage passengers 
Implement automated enforcement of red-light running (cameras) 
Seize vehicles or license plates administratively upon arrest 
Use Protected Left Turns + Left turn phase 
Supervised driving for beginners at age 16 for six months 
Install back plates 
Restrict or eliminate parking on intersection approaches 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing Employ emergency vehicle preemption 
Provide targeted conventional enforcement of traffic laws 
Remove or relocate unnecessary signs 
Remove unwarranted signal 
Responsible beverage service 
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                            Table E-3 Continued 
Night time driving restrictions for drivers aged… 
Integrated enforcement 
Limiting license violators from using vehicles 
Install Ignition Interlock Device (IID) 
Model prediction of crash severity reduction 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
Enforce zero tolerance laws for drivers under age 21 
Alcohol interlocks 
NCP 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach Use Protected Left Turns w/o Left turn phase 
Model prediction of crash severity reduction 
Enforce zero tolerance laws for drivers under age 21 
Alcohol interlocks 
Installing queue detection system 
Installing rumble strips on approaches 
Seize vehicles or license plates administratively upon arrest 
Restrict young drivers from carrying teenage passengers 
Use Protected Left Turns + Left turn phase 
Supervised driving for beginners at age 16 for six months 
Install back plates 
Restrict or eliminate parking on intersection approaches 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing Remove or relocate unnecessary signs 
Remove unwarranted signal 
Night time driving restrictions for drivers aged… 
Integrated enforcement 
Limiting license violators from using vehicles 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
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                            Table E-3 Continued 
PCN 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach Use Protected Left Turns w/o Left turn phase 
Model prediction of crash severity reduction 
Restrict young drivers from carrying teenage passengers 
Seize vehicles or license plates administratively upon arrest 
Install back plates 
Restrict or eliminate parking on intersection approaches 
Enforce zero tolerance laws for drivers under age 21 
Alcohol interlocks 
Clear sight triangles 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing Installing queue detection system 
Installing rumble strips on approaches 
Supervised driving for beginners at age 16 for six months 
Integrated enforcement 
Use Protected Left Turns + Left turn phase 
Limiting license violators from using vehicles 
Night time driving restrictions for drivers aged… 
Remove or relocate unnecessary signs 
Remove unwarranted signal 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
PNC 
Remove or relocate unnecessary signs 
Remove unwarranted signal 
Night time driving restrictions for drivers aged… 
Install Ignition Interlock Device (IID) 
Model prediction of crash severity reduction 
Enforce zero tolerance laws for drivers under age 21 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 
Alcohol interlocks 
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Appendix F: Costs and Crash Reduction Factors of Countermeasures 
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Table F-1 Crash reduction factors and costs of countermeasures 
FISN(countermeasure) Cost1 CRF1% 
Administrative license revocation or suspension (ALR\ALS) High 30 
Alcohol interlocks Medium 50 
Enforce zero tolerance laws for drivers under age 21 Medium 45 
Integrated enforcement Low 22.5 
Mass media campaigns High 13 
Responsible beverage service Medium 23 
Seize vehicles or license plates administratively upon arrest Low 13 
Sobriety checkpoints High 20 
Combined Enforcement; Nighttime Enforcement Medium 6 
Communications and Outreach Supporting Enforcement Medium 5 
Increased Belt Use Law Penalties: Fines and Driver’s License 
Points 
Low 42 
Model prediction of crash severity reduction Medium 40 
Short–Term, High–Visibility Belt Law Enforcement Medium 16 
State Primary Enforcement Belt Use Laws Low 8 
Identify license regulation violators Medium 10.7 
Install Ignition Interlock Device (IID) Medium 65 
Limiting license violators from using vehicles Low 32 
Night time driving restrictions for drivers aged… Low 45 
Restrict young drivers from carrying teenage passengers Low 17 
Supervised driving for beginners at age 16 for six months Low 33 
Clear sight triangles Low 25 
Convert a Four-Leg Intersection to Two T Intersections High 37 
Convert to Roundabout High 40 
Convert Two-Way Streets to a One-Way Pair High 30 
Delineate Turn Path Medium 26 
Employ emergency vehicle preemption Medium 70 
Employ signal coordination Medium 6.7 
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                                                            Table F-1 Continued   
Grooving existing pavement       Medium 14 
Implement automated enforcement of approach speeds 
(cameras) 
Medium 40 
Implement automated enforcement of red-light running 
(cameras) 
Medium 42 
Improve Intersection Skew Angle High 40 
Improve Left-Turn Lane Geometry Medium 30 
Install back plates      Low 20 
Install larger (12-in.) signal lenses    Low 10 
Install Left-Turn Lane Medium 24 
Installing queue detection system Low 30 
Installing rumble strips on approaches         Low 30 
Lengthen Left-Turn Lane Medium 15 
Optimize clearance intervals Low 12 
Overlaying existing pavement         Medium 27 
Provide louvers, visors, or special lenses so drivers are able to 
view signals only for their approach     
Low 15 
Provide Positive Offset for Left-Turn Lanes Medium 10 
Provide Right-Turn Lanes Medium 13 
Provide targeted conventional enforcement of traffic laws Medium 75 
Remove or relocate unnecessary signs Low 50 
Remove unwarranted signal Low 50 
Restrict or eliminate parking on intersection approaches Low 20 
Restrict or Eliminate Turning Maneuvers Using Channelization 
or Signing 
Low 25 
Use Protected Left Turns + Left turn phase Low 35 
Use Protected Left Turns w/o Left turn phase Low 15 
Use Split Phases Low 10 
Convert to 4-way stop from 2-way stop High 47 
Improve super elevation on curves High 11 
Install automated enforcement of red light violations Medium 7 
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Install new guardrail High 44 
Install traffic signal Low 20 
Lengthen the yellow change interval to ITE guidelines Low 8 
Provide mid-block pedestrian refuge Medium 46 
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Appendix G: Comparison of Results derived from FIS and Cost Benefit Ratio 
Method 
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Table G – 1 Comparison of Results derived from FIS and Cost Benefit Ratio method 
Countermeasure Average B/C 
Administrative license revocation or suspension (ALR\ALS) 5.5 9 
Alcohol interlocks 7 13 
Clear sight triangles 34.5 31 
Combined Enforcement; Nighttime Enforcement 26 23 
Communications and Outreach Supporting Enforcement 17 17 
Convert a Four-Leg Intersection to Two T Intersections 30 41 
Convert to 4-way stop from 2-way stop 52 47 
Convert to Roundabout 22.5 34 
Convert Two-Way Streets to a One-Way Pair 16.5 19 
Delineate Turn Path 41.5 39 
Employ emergency vehicle preemption 30 48 
Employ signal coordination 42 45 
Enforce zero tolerance laws for drivers under age 21 26.5 15 
Grooving existing pavement 16.5 22 
Identify license regulation violators 19 50 
Implement automated enforcement of approach speeds (cameras) 29 32 
Implement automated enforcement of red-light running (cameras) 30 28 
Improve Intersection Skew Angle 31.5 38 
Improve Left-Turn Lane Geometry 20 18 
Improve super elevation on curves 53 56 
Increased Belt Use Law Penalties: Fines and Driver’s License Points 11 7 
Install automated enforcement of red light violations 40.5 27 
Install back plates indicating high risk driver 18 16 
Install Ignition Interlock Device (IID) 27.5 33 
Install larger (12-in.) signal lenses 42.5 29 
Install Left-Turn Lane 30.5 36 
Install new guardrail 55 46 
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Install traffic signal 51.5 58 
Installing queue detection system 36.5 53 
Installing rumble strips on approaches 28.5 20 
Integrated enforcement 12.5 12 
Lengthen Left-Turn Lane 31.5 42 
Lengthen the yellow change interval to ITE guidelines 48.5 54 
Limiting license violators from using vehicles 10.5 8 
Mass media campaigns 29.5 21 
Model prediction of crash severity reduction 26.5 25 
Night time driving restrictions for drivers aged below 21 32 30 
Optimize clearance intervals 26.5 24 
Overlaying existing pavement 26.5 26 
Provide louvers, visors, or special lenses so drivers are able to view 
signals only for their approach 
30 35 
Provide mid-block pedestrian refuge 36.5 40 
Provide Positive Offset for Left-Turn Lanes 35 37 
Provide Right-Turn Lanes 37 52 
Provide targeted conventional enforcement of traffic laws 44 55 
Remove or relocate unnecessary signs 31.5 43 
Remove unwarranted signal 45.5 57 
Responsible beverage service 31 49 
Restrict or eliminate parking on intersection approaches 24.5 5 
Restrict or Eliminate Turning Maneuvers Using Channelization or 
Signing 
42 2 
Restrict young drivers from carrying teenage passengers 26 1 
Seize vehicles or license plates administratively upon arrest 11.5 4 
Short–Term, High–Visibility Belt Law Enforcement 7 11 
Sobriety checkpoints 25 10 
State Primary Enforcement Belt Use Laws 24.5 3 
Supervised driving for beginners at age 16 for six months 34.5 14 
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Use Protected Left Turns + Left turn phase 33 44 
Use Protected Left Turns w/o Left turn phase 28.5 51 
Use Split Phases 28.5 6 
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